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Volume I:  Technical Consultation Report 

1.0 Notification and Authorization  
On April 18, 2005, Mr. Bryan O’Connor, Chief Safety and Mission Assurance Officer, requested 
support from the NASA Engineering and Safety Center (NESC) in identifying technical 
expertise to support the “Type A” MIB.  This request was referred to Mr. Neil Dennehy on April 
18, 2005, who identified Dr. J. Russell Carpenter, a navigation specialist from the NESC’s 
Guidance, Navigation & Control (GN&C) Super Problem Resolution Team (SPRT) to support 
the investigation on April 19, 2005.  Dr. Carpenter subsequently was named the Deputy 
Chairman of the Mishap Investigation Board (MIB) based on his technical expertise.  Dr. 
Carpenter provided the necessary program-independent rendezvous and navigation engineering 
expertise needed by the Demonstration of Autonomous Rendezvous Technology (DART) MIB 
to complete its assignment.  

There were no independent tests or analyses required and therefore this report constitutes the 
closeout report for the DART MIB Review. 
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2.0 Signature Page 
 
 
 
 
 
Mr. Neil Dennehy    Date      
NESC GN&C NDE        

 
 
 
Dr. J. Russell Carpenter   Date      
NESC GN&C SPRT, DART MIB Deputy-Chairman          
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3.0 Executive Summary 
On April 15, 2005, the Demonstration of Autonomous Rendezvous Technologies (DART) 
spacecraft was launched from the Western Test Range at Vandenberg Air Force Base, California. 
DART was designed to rendezvous with, and perform a variety of maneuvers in close proximity 
to, the Multiple Paths, Beyond-Line-of-Sight Communications (MUBLCOM) satellite, without 
assistance (autonomously) from ground personnel.  DART performed as planned during the first 
eight hours through the launch, early orbit, and rendezvous phases of the mission, accomplishing 
all objectives up to that time, even though ground operations personnel noticed anomalies with 
the navigation system.  During proximity operations, however, the spacecraft began using much 
more propellant than expected.  Approximately 11 hours into what was supposed to be a 24-hour 
mission, DART detected that its propellant supply was depleted, and it began a series of 
departure maneuvers.  Although it was not known at the time, DART had actually collided with 
MUBLCOM 3 minutes and 49 seconds before initiating departure.   

Because DART failed to achieve its main mission objectives, NASA/Headquarters (HQ) 
declared a “Type A” Mishap, and convened a Mishap Investigation Board (MIB) to perform a 
detailed level of investigation. On April 18, 2005, Mr. Bryan O’Connor, Chief Safety and 
Mission Assurance Officer, requested support from the NASA Engineering and Safety Center 
(NESC) in identifying technical expertise to support the “Type A” MIB.  This request was 
referred to Mr. Neil Dennehy on April 18, 2005, who identified Dr. J. Russell Carpenter, a 
navigation specialist from the NESC’s Guidance, Navigation & Control (GN&C) Super Problem 
Resolution Team (SPRT) to support the investigation on April 19, 2005.  Dr. Carpenter 
subsequently was named the Deputy Chairman of the MIB based on his technical expertise.  Dr. 
Carpenter provided the necessary program-independent rendezvous and navigation engineering 
expertise needed by the DART MIB to complete its assignment.  

The DART MIB initiated its investigation activity during the week of April 18, 2005, and 
completed its activities approximately five (5) months later on September 21, 2005 with the 
submittal of its final report [ref. 1].  

The final report, prepared and submitted by the DART MIB, was peer reviewed by Mr. Neil 
Dennehy the GN&C NESC Discipline Expert (NDE) and found to be very thorough, sufficiently 
detailed, descriptive, and of a very high quality in general.  The MIB’s final report clearly 
identifies and explains the causes of the DART mishap and provides a comprehensive set of 
findings and recommendations. The GN&C NDE concurs with the findings and 
recommendations of the DART MIB report. 
 
Therefore, given the completeness and adequacy of the DART MIB’s final report in identifying 
and explaining the causes of the mishap, the NESC GN&C SPRT did not perform any follow-on 
independent analysis and test regarding the DART mishap. 
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4.0 Problem Description 
 
4.1 Background  
The DART mission was initially proposed by the Orbital Sciences Corporation (OSC) in 
response to a 2001 NASA Research Announcement 8-30 (NRA 8-30) from the 2

nd 
Generation 

Reusable Launch Vehicle (2GRLV) Program.  NRA 8-30 sought ideas from industry, 
educational institutions, nonprofit organizations, and U. S. Government agencies for a broad 
range of research topics.  
 
The DART mission was subsequently selected by NASA as a high-risk technology 
demonstration project and the DART contract was awarded to OSC in May 2001.  Later, in 
November 2002, the 2nd GRLV Program was redefined and became two new programs: the 
Orbital Space Plane (OSP) Program and the Next Generation Launch Technology (NGLT) 
Program.  DART, along with other flight demonstration projects, was transferred to the OSP 
Program.  In the process, increased emphasis was placed on DART because automated 
rendezvous technology was considered to be critical in supporting the potential future needs of 
the International Space Station Program in particular. 
 
In January 2004, after President Bush announced the Vision for Space Exploration to explore the 
Moon, Mars, and beyond, the OSP Program was cancelled.  However, the DART project was 
continued because of its relevance to the in-space assembly of certain exploration architecture 
concepts.  Because of the project’s maturity at that time (its original, target launch date was 
scheduled for 2004), DART became NASA’s first flight demonstration of new exploration 
capability.  
 
4.2 DART Mishap  
On April 15, 2005, the DART spacecraft was successfully deployed from a Pegasus XL rocket 
launched from the Western Test Range at Vandenberg Air Force Base, California.  DART was 
designed to rendezvous with and perform a variety of maneuvers in close proximity to the 
MUBLCOM satellite, without assistance (autonomously) from ground personnel.  
 
DART performed as planned during the first eight hours through the launch, early orbit, and 
rendezvous phases of the mission, accomplishing all objectives up to that time, even though 
ground operations personnel noticed anomalies with the navigation system.  During proximity 
operations, however, the spacecraft began using much more propellant than expected. 
Approximately 11 hours into what was supposed to be a 24-hour mission, DART detected that its 
propellant supply was depleted, and it began a series of maneuvers for departure and retirement. 
Although it was not known at the time, DART had actually collided with MUBLCOM 3 minutes 
and 49 seconds before initiating retirement.  
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4.3 Formation of the DART MIB 
Because DART failed to achieve its main mission objectives, NASA HQ declared a “Type A” 
Mishap, and convened a MIB chaired by Mr. Scott Croomes of the NASA Marshall Space Flight 
Center (MSFC).  A “Type A” mishap is NASA’s designation for a mishap that has resulted in a 
NASA mission failure that exceeds a government loss of one million dollars.  This mishap 
category requires the most detailed level of investigation. 
 
In response to an April 18, 2005 request from Mr. Bryan O’Connor, Chief Safety and Mission 
Assurance Officer, received via the NESC HQ Chief Engineer (Mr. Dennis Dillman), the NDE 
for GN&C identified a well-qualified member of the NESC’s GN&C SPRT to serve on the MIB 
under Mr. Croomes.  This individual was Dr. J. Russell Carpenter from the NESC GN&C SPRT, 
a navigation specialist located at the Goddard Space Flight Center (GSFC).  Dr. Carpenter was 
added to the DART MIB membership on April 19, 2005.  Dr. Carpenter provided the necessary 
program-independent rendezvous and navigation engineering expertise needed by the DART 
MIB to complete its assignment.  
 
4.4 DART MIB Activity   
The DART MIB was formally established per NASA Procedural Requirements (NPR) 8621.1 
"NASA Procedural Requirements for Mishap Reporting, Investigating, and Recordkeeping" on 
April 21, 2005 (see Appendices B and C) by the Associate Administrator for the Exploration 
Systems Mission Directorate (ESMD) to perform the following: 
 

 Obtain and analyze what evidence, facts, and opinions it considers relevant. 

 Conduct tests and conduct other actions it deems appropriate. 

 Interview witnesses and receive statements from witnesses. 

 Impound property, equipment, and records as considered necessary. 

 Determine the proximate cause(s), root cause(s) and contributing factors relating 

to the mishap. 

 The Board may also include any pertinent observations. 
 Develop recommendations to prevent similar mishaps. 

 Provide a final written report with contents as specified in the referenced 

NPR. 
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The DART MIB initiated its investigation activity during the week of April 18, 2005.   
 
The DART MIB completed its investigation, fulfilling its assigned duties, and submitted its final 
report to ESMD on September 21, 2005. 
 
Given the completeness and adequacy of the DART MIB’s final report in identifying and 
explaining the causes of the mishap, the NESC GN&C SPRT did not perform any follow-on 
independent analysis or tests regarding the DART mishap. 
 
The final report prepared and submitted by the DART MIB was judged by the NESC GN&C 
NDE to be very thorough, sufficiently detailed, descriptive, and of a very high quality. The 
MIB’s final report clearly identifies and explains the causes of the DART mishap and provides a 
comprehensive set of findings and recommendations. The GN&C NDE concurs with the findings 
and recommendations of the DART MIB report.  These findings and recommendations are 
summarized in Appendix D, which is an overview of the DART mishap investigation results. 
 

5.0 Lessons Learned 
There was significant value in the DART MIB pursuing the project-independent development by 
the GN&C engineering line organizations at GSFC, Jet Propulsion Laboratory and Johnson 
Space Center of Best Estimate Trajectories (BET) of both the DART spacecraft and the 
MUBLCOM target spacecraft.  These BETs provided clear, objective, and indisputable evidence 
as to the causes of the DART mishap.  This specific example reinforces the value of employing a 
NESC-like model for utilizing diverse cross-Center, project-independent engineering resources 
to support mishap investigations in the future  
 

6.0 Acronyms List 
2GRLV 2

nd 
Generation Reusable Launch Vehicle 

BET Best Estimate Trajectories 
DART Demonstration of Autonomous Rendezvous Technologies 
ESMD Exploration Systems Mission Directorate 
GN&C Guidance, Navigation & Control 
GSFC Goddard Space Flight Center 
HQ Headquarters 
MIB Mishap Investigation Board 
MSFC Marshall Space Flight Center 
MUBLCOM Multiple Paths, Beyond-Line-of-Sight Communications 
NASA National Aeronautics and Space Administration 
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NDE NESC Discipline Expert 
NESC NASA Engineering and Safety Center 
NGLT Next Generation Launch Technology 
NPR NASA Procedural Requirements 
NRA NASA Research Announcement 
OSC Orbital Sciences Corporation 
OSP Orbital Space Plane 
SPRT Super Problem Resolution Team 
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Appendix A.  NESC Request Form (NESC-FM-03-002) 
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Appendix B.  ESMD Letter Chartering the DART MIB, 4/21/2005 
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Appendix C. DART MIB Transmittal Letter to NASA HQ, 9/2/05 
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Appendix D. Overview of the DART Mishap Investigation Results 
(Publicly Released Version)   
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